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(54) Method ol fabricating organic electroluminescent display panel 



(57) Disclosed is a method of fabricating an organic 
EL display panel wherein pixelation can be performed 
without resorting to the useof a shadow mask and also 
without active EL elemerrts being exposed to solvents 
from photoresist or developing and strqpping sduttons. 
The fabrication scheme comprises the steps of: (1) 
forming a first electrode layer and an insulating layer, in 
succession, on a transparent substrate; (2) removing 



said insulating layer in the predefined region by a single 
or a plurality of laser beams: (3) forming organic func- 
tion layers and a second electrode layer, in succession, 
on the predefined surface inclusive of the insulating 
layer: and (4) repeating the steps of (2) and (3) once or 
more. 
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Description 

BACKGROUND O F THg INVENTION 
5 Reldofthfl Invention 

[0001] The present invention relates to a novel method off fabricating an organic electroluminescent (hereinafter 
referred to as EL) display panel comprising organic EL elements which emit light when electric charges are injected into 
them. 

10 

Discussion off the Background Art 

[0002] The technology off organic EL devices, also called organic light emitting diodes (LEDs), has been rapidly 
advancing, and several prototype modules have been successfully denx>n$trated at exhibitions. Organic EL devices are 

15 extremely thin, matrix-addressable and operable at a relatively low voltage, typically less than 15 voHs. Furthermore, 
they have additional features suitable for next generation fiat panel displays (FPDs) such as, among other things, little 
dependence on viewing angle and good device-lormabllity on flexible substrates. A major drawback off liqukl crystal dis- 
play, currently mosX welMaiown display off choice, is that most off them require bright backlighting, which can be easily 
eliminated by the use off an organic EL display. 

20 [0003] Organic LEDs differ fundamentally from conventional inorganic LEDs. While the charge transfer in inorganics 
is band'iike in nature arxi the electron-hole recombination results in the intert^and emission of light, organic films are 
generally characterized by the low-mobility activated hopping transport and the emission is excitonic. Organic EL 
. devices are also substantially different from conventional inorganic EL devices, especially in that organic EL devices are 
operable at low DC voltages. 

2S [0004] A sut}stantial amount of research has been directed towards the efficiency improvement and color control of 
organic LEDs. The effictency of organic EL devices has now been demonstrated to be certainly adequate for many 
commerdal applications. Moreover, color control is probably not limiting for most potential applications. In light of this, 
we believe that the outkx)k for commercial applications is excellent for organic EL devices. The performance of the 
organic EL devtees is quite satisfactory for many applications. It is valuable to think in terms of specific products and 

30 manufacturing techniques for the commera'alization off organic EL devices. Consideration off the specific applications 
leads us to believe that more work on manufacturabillty. unifbnmity. reliability, and systems Issues is required to com- 
mercialize organic EL 

[0005] The simplest way to drive an organic EL panel is to have organic function layers sandwiched between two sets 
of orthogonal electrcxjes. i.e. rows and columns (Fig. 1). In this passive addressing scheme, the EL element serves both 
3S the display and switching functions. The diode-like nonlinear current-voltage characteristic off the organic EL element 
should, in principle, permit a high degree of multiplexing in tiirs mode of addressing. 

[0006] Pixelation or patterning, especially of electroluminescent and second electrode materials, is one of the key 
issues to be resolved before ttie commercializatton off organic EL devicea The use off many conventional pixelation 
techniques is precluded due to the nature off organic materials which.are extremely vulnerable to the attack tsy nr^st sol- 
40 vertts. 

[0007] The simplest patterning method is probably to use a shadow mask. As shown in Rgs. 1 and 2. the pixelation 
of organic EL display panel can k>e accomplished by depositing second electrode material(s) 4 through the openings of 
a shadow mask 5 onto organic function layers 3 which are. in turn, laminated on a plurality of first electrode stripes 2. 
Said first electrode sta^tpes 2 are generally formed by patterning a layer off indium tin oxkJe (ITO) deposited on a trans- 
45 parent, insulating substrate 1. 

[0008] The pixelation method using a shadow mask becomes less efficient as the display resolution becomes finer. 
One possible solution for a monochrome display is to separate adjacent pixels using electrically insulating ramparts 6 
as suggested in U.S. Patent Na 5,701 ,055 (Fig. 3). 

[0009] As disctosed in JP Laid Open Patent No. H8-315981 (Rgs. 4a - 4d). the use off additional shadow masks may 
so be required for tiie construction off a multi or full cokxr display: (1 ) putting a shadow mask witii a plurality off openings (5- 
1 . 5-2 or 5-3) onto top surfaces off ttie ramparts 6. and aligning each off said openings to be placed over ttie gap tsetween 
corresponding ramparts; (2) depositing aganic EL medium layers off red (R). green (G) and blue (B) (4-1 . 4-2 and 4-3). 
one by one, ttvouc^ said openings; and (3) fpnning at least one second electrode layer 3 on said ramparts and said 
organic function layers 

55 [001 0] The atxTve mettiod may work fine for a display of nxxierate resolution and size. As ttie display size increases 
and ttie pitch decreases, however, said melhod reveals limitations: difficulties in making a shadow mask itseff and addi- 
tionally in aligning said shadow mask with respect to a sut)strate. The need to make a pixelation wtttx)ut resorting to 
shadow mask(s) has been, in part answered by U.a Patent Na 5.693.962 and JP Laid Open Patent No. H9-293589. 
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[0011] Rgs. 5a - 5c illustrate the fabiication steps of a full color panel as suggested in U.S. Patent No. 5,693.962. 
Rg. 5a descr9)68 the fornnation process of a first sub-pixel: (1) patterning a layer of organic or inorganic conductor 
deposited on a transparent substrate 1 1 by conventional lithographic techniquee to form a plurality of parallel oonduc* 
tive stripes for the first electrode 12; (2) depositing a layer of dielectric medium 13 on top of said conductive stripes 12 

5 and the exposed porttoris of 8ub6trme11:^)spin<oating of aphotoresist(^ 

medium 13 by a dry or wet etching technique: (4) laminating an electroluminescent medium 5-1 ; (5) forming a capping 
layer 1 7-1 of the sub^xel by depositing an air-stable metal on top of said electroluminescent medium; and (6) removing 
the PR layer 14-1 and those on said PR layer by lift-off. Acetone or a str^ing solution is often used for lift-off. It is impor- 
tant to note that said electroluminescent medium can be exposed, through said capping layer, to said solvents during 

10 said lift-off process. The device degradation due to said exposure is not surprising, given the relatively poor adhesion 
between an organic material and a metal used as a capping layer. As shown in Rgs. 5b and 5c. second and third sub- 
pixels can be fabricated by the same tokea 

[001 2] Rgs. 6a - 6j describe the processes of forming R. Q. B sib-ptxels as published in Japanese Laid Open Patent 
Uq. H9-293589: (1) f6nnir)g a first electrode layer 22 on a transparent substrate 21. followed by the lamination of an 

15 electroluminescent medium (R) 23, a second electrode 24. and a protection layer 25; (2) spin-casting of photoresist 
(PR) 26 and subsequent patterning of red sub-pixels; and (3) repeating the above steps to form green and trfue sub- 
pixels. During the above processing steps, active display elements are substantially exposed to PR. which is detrimen- 
tal to device performance because of solvents remaining in PR. For rough evaluation of adverse effects of photoresist, 
it is necessary to understarxl a typical photolithograpNc process: spin-casting of a photoresist solution on the substrate. 

20 soft-baking and exposure to an ultraviolet ray, developing, and hard-baWng. In the background art under discussion, the 
panel is thereafter supposed to be subjected to etching and then PR stripping which again needs stripping solution(s). 
During splrvcasting. active EL elements are already exposed to solvents from the photoresist in a liquid phase. 
[001 3] In short, background methods desaibed above have a serious drawback. Active EL elements are inevitably 
exposed to various solvents from photoresist or developing and stripping solutions. Said solvents are extremely harmful 

2S to electroluminescent medium, and adversely affects the device periormance. 

SUMMARY OF THE INVENTION 

[0014] Accordingly, the present invention is directed to a novel method of fabricating an organic electrolum'nescent 
30 display panel that addresses one or more of the problems due to limitations and disadvantages of the related art 
[001 5] An ok)ject of the present invention Is to provide a method of fabricating an organic EL display panel wherein 
pixelation can be performed without resorting to the use of a shadow mask and also without active EL elements being 
exposed to solvents from photoresist or developing and stripping s^^ 

(001 6] Additional features and advantages of the invention win be set forth in the description which follows, and in part 
35 viriil be apparent from the desaiption. or may be learned practice of the invention. The objectives and other advan- 
tages of the invention will be realized and attained by the structure particularly pointed out in the written description arxJ 
claims hereof as well as the appended drawings. 

[0017] In one aspect the present invention provides a method of fabricating an organic electroluminescent (EL) dis- 
play panel having organic function layers including at least one organic EL medium layer laminated between first and 

40 second electrodes conprises the step of pixelation by a single or a plurality of laser beams. 

[0018] In another aspect of the present invention, there is provided a method of fabricating an organic EL display 
panel, conq^rising the steps of: (1) forming a first electrode layer, organic function layens including at least one organic 
EL medum layer, and a second electrode layer in succession on a transparent substrate; and (2) removing, selectively, 
saki second electrode layer and organic function layers in the predefined region by a single or a plurality of laser beams. 

45 [001 9] In additional aq>ect of the present Invention, there is provkJed a method of fsabricaiing an organic EL display 
panel, comprising the steps of : (1) forming a first electrode layer and an insulating layer in succession on a transparent 
substrate: (2) removing saki insulating layer in the predefined region by a single or a plurality of laser beams; (3) forming 
organic function layers and a second electrode layer, in succession, on the predefined surface inclusive of the insulating 
layer; and (4) repeating the steps of (2) and (3) at least once. 

50 [0020] In further aspect of the present invention, there is provided a method of fabricating an organic EL display panel, 
comprising the steps of: (1) forming a first electrode layer and an insulating layer in succession on a transparent sub^ 
strate: (2) removing saki insulating film in the predefined region by a single or a plurality of laser beams: 0) forming 
organic function layers, a second electrode layer and a protection layer, in successnn. on tiie predefined surface inclu- 
sive of the insulating fayer ; and (4) repeating the steps of (2) and (3) once or mora 

55 [0021] It is to be understood that both the foregoing general description and the following defailed description are 
exemplary and explanatory and are Intended to provide further explanation of the invention as claimed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] The aoconnpanying drawings, which are induded to provide further understarxling of the invention and are 
Incorporated in and constitute a part of this specification, illustrate emkXKjiments of the invention and together with the 
description senre to explain the principles of the invention. 
[0023] In the drawings: 

Fig. 1 illustrates a plan view of a typical passive addressing organic EL display panel: 

Fig. 2 is a cross-sectional view showing the process of patterning the second electrode using a shadow maslq 

Fig. 3 is a sectional view Olustrating the process of pixelation using insulating ramparts; 

Rgs. 4a-4d. 5a~5c and 6a-6i illustrate sectional views showing the fabricating steps of background methods; 

Rgs. 7a-7h illustrate sections showing the steps of fabricating an organic EL display panel in accordance with the 
first embodiment of the present Invention: 

Figs. 8a-8k illustrate sections showing the steps of fabricating an oirganic EL display panel in accordance with the 
second embodiment of the present Invention: 

Fig. 9 Hiustrates an exemplary laser-beam etcNng system in accordance with an embodiment of the present inven- 
tion: and. 

Fig. 10 illustrates an exemplary process of the laser-beam etching using a mask in accordance with an embodi- 
ment of the present inventton. 

DETAILED DESCRIPTION OF THE PRgFgRRF D FMBODIMPMr 

I0024I Reference will now be made in detail to the preferred embodiments of the presertinve examples of which 
are aiustrated in the accompanying drawinga For the fabrication of an organic EL display panel with a plurality of emrt- 
ting portions laminated between a plurality of first and second electrodes, a pixelation method is utilized characterized 
by employing a laser-beam etching method, by not using a shadow mask for pixelation, and also by preventing active 
EL elements from being exposedto various solvents from photoresist or developing and stripping solutions Though the 
organic EL display panel has a plurafity of R(red), G(Green) and B(Blue) subi)ixels. Ibr clarity, only a single set of R Q 
and B sub-pixels is illustrated In the accompanying drawings. 

[0025] Figs. 7a-7h fliustrate sectional views showing the steps of fabricating an organic EL display panel in accord- 
ance with the first embodiment of the present invention. Referring to Rg. 7a. the fabrication processes start with forming 
the stripes of fvst electrodes 102 by photdithographically patterning a transparent layer of typically indium tin oxkie 
(ITO) deposited on a transparent substrate 101. and forming the stripes of an electrically insulating buffer layer 103 in 
orthogonal relationship to said sirqpes of first electrodes 102. Said buffer l^er 103. being not luminescent serves for 
the reduction of leakage current ty k)wering the chance of first electrodes 102 to be microscopically short-circuited to 
second electrodes that are to be termed In a later step. SakI buffer layer 1 03 can be formed by deposrting preferably an 
inorganic compound such as silicon oxide or sHicon nitride or a polymeric material such as polyimide by vapor deposi- 
tion, e-beam evaporation. RF sputtering, chemical vapor deposition (CVD). spin coating, dipping. Dr. blade method 
electro- or electroless plating, or screen printing method. 

[0026] Then, as shown in Rg. 7b. an insulating layer 104 is fanned on the predefined surface inclusive of said buffer 
layer 103. and a laser-beam etching is performed to remove a portion of said insulating layer 104 wherein red emitting 
subiMxels are to be formed in the next step. The material for said insulating layer 104 needs to have a conskferable 
^rption cross-section at the wavelength of the laser beam used and additionally a good film-forming characteristic 
Said material IS preferably polymeric, for example photoresist and is preferably f^^ - lOOmn 

[0027] The most distinctive difference between the background art and the enfoodiment fies in the fact that (1) tiie 
process involving a photoresist is performed before the lamination of any electroluminescent medium, and (2) therefore 
the photorestet used can be hard4)aked at a high enough temperature for a long enough time, ensuring complete elim- 
f nation of any residual solvents inskle the PR f 8m. If an EL medium is subjected to that harsh a condition, it will degrade 
very qwcWy. Thus, the photoresist used in the background art can not be completely baked. To the contrary, the pho- 
toresist used here does not pose any adverse effects onto the device perfonnance. 

[0028] In the next step, the part of the ITO-coated substrate wherein sufc>ptxels are to be formed is optionaHy treated 
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with oxygen plasma or UV/ozone. As shown in Rg. 7c next, the first organic function layers 1 05a (for exanple. red light 
erratting) and a second electrode layer 106a are deposited, in succession, on the predefined surface inclusive of the 
insulating film 104. A typical example of organic function layers 105a is: (1) a buffer layer of copper phthalocyanine 
(CuPc) typically lOnm - 20nm thick, (2) a hole transporting layer of N,N'-<l'q3henyl-N,N'-bis{3-methylphenyO-(1 . 1 '-btphe- 
ny!)-4,4'KJiamine (TPD) typicafly SOnm - SOnm thick, and (3) an emitting layer of tris(8-hydroxy<juinolate)aiuminum 
(Atqa) 40nm - 60nm thick, doped wHh DCM 2 for the red emission. The second electrode 106a is typically formed of 
any one selected from Al. Ca, Mg:Ag. and AI:U. 

[0029] Next (Rg. 7d), another portiori of said Insulating layer 104 is etched out with a laser beam. Following an 
optional surface treatment, the second organic function layers 105b (for example, green light emitting) and a second 
electrode layer 106b are deposited (Fig. 7e). A typical green Fight emming EL medium is coumarin 6 doped Alqs. 
. [0030] Rgs. 7f and 7g illustrate the repetition of a sub^ixel formation fbr the third color, blue in this instance. BAIqg 
doped with perylene Is an example of blue emitting EL medium. To ensure the electrical insdaticn between two adja- 
cent sub^ixels. It is appropriate to cut into two parts, using a laser-beam, the organic function layers and second elec- 
trode layers formed on top of an insulating layer 104 behween two adjacent sub-pixels (Rg. 7h). Next, the panel is 
covered with a protection layer 107 to prevent primarily moisture from penetrating into active EL elements, and is con- 
sequently subjected to an encapsulation procesa Said protection layer 107 msy contain one or a mixture of moisture 
absorbing ingredients iri it The formation of a protection layer may be performed prior to the laser scribing. 
[0031] Rgs. 8a-8k fflustrate sections showing the steps of fabricating an organic EL display panel in accordance with 
the second embodiment cf the present Invention, which Is exactly the same as the first embodiment except that a pro- 
tection film is coated on top of a sub-pixel every time said subi)ixel is formed. The first and second sub-pixels are 
coated with protectkm layers 107a and 107b before the formation of the second and third sub-pixels, respectively (Rgs. 
8d & 8g), and a protection layer 1 07c is addrtionally coated after the tbrmation of the third sii5-pixel (Rg. 8j). Since said 
protection layers 107a and 107b can help to shield the first and second sub-pixels, respectively, from moisture and sol- 
vents during the subsequent process steps, the long-term stabflity should improve and. furthermore, more freedom in 
the process design can be gained. Said inn©* protection layers 107a, 1 07b and 107c remain under the outermost pro- 
tection layer 1 07d even after the completion of device fabrication. Therefore, it is highly recommended fbr said inner pro- 
tection layers to contain one or a mixture of moisture absorbing ingrediertts in them. 

[0032] The beauty of this ties in the simplicity of a sequence of subi>ixel formation steps, i.e the repetition of the laser- 
beam etching and the formation of EL elements. The details of laser-beam etching techniques and process require- 
ments are as follows. 

[0033] In order to prevent degradation of active displcy elements during the etching process, the panel under process 
needs to be located either m vacuum or In a dry or inert atmosphere while the laser beam generator may be operated 
in the atmosphere. The laser beam is guided into a vacuum chamber or a glove box filled with an inert gas through a 
window having a limited absorption of the laser beam. Depending on the system design, either the laser beam is 
scanned (Rg. 9), or the moving stage with a panel mounted on it moves as programmed, generally the former method 
being less suitable for applicat'ons requiring such an accurate position control as in the present invention. Said moving 
stage may have encoders or sensors attached for afeedback control. It has been found useful that optical and electrical 
properties of ITO can be used fbr the feedback control of positioning. 

[0034] A laser beam with a proper wavelength should be selected considering physk»i and chemical properties of 
the materials to be etched, of which the most importiant factor is the absorption cross-sectton as a functten of wave- 
length. The lasers much used fbr etching metals and organic materials are a frequency doubled Nd:YAQ laser with a 
green emission and an excimer laser In ultraviolet In the present Invention, the laser is preferably operated in a pulse 
mode rather than a continuous mode which may cause a thermal damage to the device. The laser power and pulse rep- 
etition rate shouldbe optimized to ablate the second electrode layer and organic function layers, but not to damage the 
first electroda A list of lasers usable in the present invention is as follows: 



laser 


gas 


wavelength( 


remark 


Nd:YAQ 




1.06 




m 




0.53 


Frequency 


Er:YAQ 




2.9 




Ho:YAQ 




1-9 




Excimer laser 


Fa 


0.16 




m 


ArF 


0.19 
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(continued) 
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laser 


gas 


wavelength( 


remark 




KrF 


0.25 




• 


XeCI 


0.31 






XeF 


0.35 




Ar ion laser 


Af 


0.52 




Na laser 


N2 


0.34 





10035] Depending on the process design, the laser beam may be directed into the panel from the first electrode side 
or from the second electrode side. ITO. a typical first electrode material, apparently does not have a large absorption 
cross-section at 0.53 pm. and thus a frequency doubled Nd:YAQ laser may be irradiated from the ITO side to etch 

15 organic function layers and the second electrode. Etching rates of certain materials may be enhanced if a single or a 
plurality of appropriate reactive gases are introduced together with the laser beam. The shape and size of a laser beam 
spot may be adjusted as necessary. In addition, a plurality of sub-pixels may be etched simultaneously with the use of 
a properly designed etching masK as shown in Rg. 10. Irradiating a targe area at a time would require a laser system 
with a large beam spot and a high power. 

20 [0036] The method off fabricating an organic EL display panel has the following advantages. 

[0037] Primarily, tiie production yield Is significantty raised because a simple and fast laser pmcessing metiiod is 
employed and also because a shadow masK difficutt to make and even more tricky to accurately align vyith respect to 
a substrate, is not used for the f&brication. Furthermore, the long-temi stability is much improved ty minimizing the 
exposure of active EL elements to deti^imentat solvents and moisture. 

25 [0038] ft will be apparent to those skined iri the art that various modifications and variations can be made in the 
method of fabricating an organic EL display panel of the present invention without departing from the scope of the 
Invention. Thus, it is intended that ttie present invention cover tiie modifications and variations of this invention provided 
ttiey come within the scope of the appended claims and their equivalents. 

30 Claims 

1 . A method of fabricating an organic EL display panel, comprising the steps of: 

(1) forming a first electrode layer, organic function layers including at least one organic EL medium layer, and 
35 a second electrode layer in succession on a transparent sut>strate; and 

(2) removing, selectively, said second electrode layer and organic function layers in the predefined region by a 
single or a plurality of laser beams. 

2. A method as claimed in daim 1 . wherein said laser beam is operated in a pulse mode. 

40 

3. A mettiod as claimed in daim 1 or daim 2. wherein said laser beam is directed into the panel under process from 
eltiier side of the transparent substrate. 

4. A mettiod as claimed in any off the above daims. wherein at least one reactive gas is flown onto tiie surface off said 
45 display panel under process along witti the laser-beam irradiation, in tfie step (2). 

5. A method as claimed in any of tfie above claims, wherein a mask witii ttie predefined pattern is provided between 
a laser source and the display panel under process, in the step (2). 

50 6, A method as claimed in any of ttie above daims. wherein a protection layer is formed on the surface of the pixelated 
8ut>strate. after the step (2). 

7. A method of fabricating an organic EL display panel, comprising the steps off: 

55 (1) formir^ a first electrode and an insulating layer, in successfon. ori a transparent substrate; 

(2) removing, selectively, saki insulating layer in tiie predefined region by a single or a plurality of laser beams: 

(3) forming organic function layers induding at least one organic EL medium layer and a second electrode 
layer, in succession, on the predefined surtace inclusive of sakl insulating layer: and. 
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(4) repeating the steps of (2) and 0) once or mwe. 

8. A method as claimed in dalm T.wherein step (3)Gonprtse8: 

5 forming organic function layers including at least said one agantc EL medium layer, said second electrode 

layer, and a protection layer in succession on the predefined surface inclusive of said insulating layer. 

9. A method as claimed in dalm 7 or claim 8, further comprising the step of cutting into two parts, using a single or a 
plurality of laser beams, the organic function layers and second electrode layer formed on top of said Insulating 

10 layer betMfeen two adjacent sut^pixete. after the step (4). 

10. A method as claimed in any of claims 7 to 9. wherein a txjffer layer is provided between the insulating layer and the 
first electrode. 

15 1 1 . A method as claimed in daim 1 0, wherein said buffer layer is formed of an inorganic or organic material with a good 
insulating property. 

12. A method as daimed in any of claims 7 to 11. wherein said insulating layer is formed of a single or a plurality of 
polymeric materials. 

20 

13. A method as claimed in any of daims 7 to 12. wherein said insulating layer is subjected to a process to eliminate 
solvents and moisture, after the step (1). 

14. A method as claimed in any of daims 7 to 13, wherein said insulating l^er has a thidvtess of 0.1 ^nw 100 pm. 

25 

1 5. A method as daimed in any of daims 7 to 1 4, wherein a protection layer is formed on the predefined surface of the 
ptxelated substrate, after the step (4). 

1 6. A method as claimed in any of the above daims wherein at least one protection layer contains one or a mixture of 
30 moisture absoibtng ingredients. 

17. A method as claimed in any of the above daims, wherein the step (2) is conducted in vacuum or in a dry or inert 
atmosphere. 

35 18. A method of manufecturing an organic electroluminescent (EL) dfeplay panel having organic function layers includ- 
ing at least one organic EL medium layer laminated between first and second electrodes comprises the step of pix- 
elation using a single or a plurality of laser beams. 

19. An organic electroluminescent display panel manufactured by the metiiod as daimed in any of daims 1 to 18. 

40 
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FIG.2 
Background Art 
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FIG.3 
Background Art 
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FIG.4C 
Background Art 
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Background Art 
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FIG.5A 
Background Art 
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FIG.5C 
Background Art 



17-1 17-2 17-3 



15-3 




j i I 

\ >r^ ' 

16-1 16-2 16-3 



13 



EP0966182A1 



FIG.eA 

Background Art 
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Background Art 
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Background Art 
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Background Art 
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Background Art 
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